Changes in the phosphorylation and distribution of vinculin during nerve growth factor induced neurite outgrowth.
The mechanism of neurite initiation and elongation was studied using nerve growth factor (NGF) treatment of PC12 cells. The distribution of focal adhesion sites and of the cytoskeletal protein vinculin was determined in large, fused, multinucleated PC12 cells. In the absence of NGF, focal adhesion sites as seen by interference reflection microscopy were restricted to the cell periphery in a regular distribution. Vinculin assemblies (foci), observed by indirect immunofluorescence microscopy using affinity purified anti-vinculin antibodies, were restricted to the cell periphery at focal adhesion sites. Within 4 hr after NGF treatment of the cells, the distribution of both vinculin and focal adhesion sites began to change. Focal adhesion sites became restricted to discrete protruding portions of the cell periphery. Larger, brighter vinculin foci appeared at the tips of the cell margin extensions, concomitant with the loss of foci at locations between the protrusions. As neurites elongated focal adhesion sites and vinculin foci remained with the tips of the growth cone extensions. Both focal adhesion sites and vinculin foci were rarely seen in the perikarya of cells with elongating neurites, and these were always confined to extended portions of the cell body margin. Occasionally, vinculin foci could be seen at the proximal portion of the neurite, at bending elbows, and at discrete expansions along the length. By immunoprecipitation of vinculin from 32P-labeled cells, vinculin phosphorylation was found to be increased within 1 hr of NGF treatment. The role of vinculin phosphorylation and assembly in the formation and directional elongation of neuritic processes in response to NGF is discussed.